The fold of a protein is encoded by its amino acid sequence 1 but it is not obvious how complex multimeric proteins fold and associate into functional quaternary structures. 2, 3 The cryptophyte light-harvesting phycobiliprotein complexes comprise four polypeptide chains forming a dimer of αβ monomers containing in total eight tetrapyrrole chromophores 4, 5 . How these proteins fold and how the structures optimise their function 5-7 remains unknown. Here we show that two phycobiliproteins 4,5 from cryptophyte algae with different quaternary structures refold and reassemble in a cooperative manner from their unfolded polypeptide subunits, without biological chaperones, during pH titration from pH 2 to pH 7. Recombining chromatographically separated subunits at low pH produces a fully folded protein when the pH is restored to neutral. The β-subunits refold autonomously, whereas the smaller α-subunits fold cooperatively with the β-subunits to produce the native protein quaternary structure. The refolding was confirmed by a range of spectroscopic methods including ultrafast broad band transient absorption and two-dimensional electronic spectroscopy 6 to probe the structure and environment of the tetrapyrroles 7 , a sensitive internal marker of quaternary structure. Our results demonstrate a cooperative, self-chaperone protein folding mechanism whereby the β-subunits spontaneously refold and then template the folding of the α-subunits. The α-subunits then prevent the aggregation of the β-subunits and guide the assembly of the native quaternary complex, whereby the signature coherences of all chromophores are quantitatively restored. Our results suggest that subunit self-chaperoning [8] [9] is an effective and robust mechanism for folding and assembling heteromeric protein complexes. The work here has potential to inspire improvements in biotechnology methods for making quaternary protein complexes in vitro. Whereby, based on the mechanism proposed here, it should be possible to design and synthesise novel hybrid quaternary protein complexes via complementary (cooperative) interactions between otherwise unrelated subunits.
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